PAT-NO : 



JP406069129A 



DOCUMENT-IDENTIFIER: 



JP 06069129 A 



TITLE: 

SEMICONDUCTOR FILM 



FORMATION OF III-V COMPOUND 



PUBN-DATE: 



March 11, 



1994 



INVENTOR- INFORMATION: 
NAME 

TAKEBE, TOSHIHIKO 
FUJI I, MOTOTADA 
YAMAMOTO, TEIJI 
FUJITA, KAZUHISA 
KOBAYASHI, KIKUO 



ASSIGNEE-INFORMATION : 

NAME COUNTRY 
KK A T R KOUDENPA TSUSHIN KENKYUSHO N/A 



APPL-NO: JP04219081 
APPL-DATE: August 18, 1992 

INT-CL (IPC) : H01L021/203, H01L021/20 , H01S003/18 



ABSTRACT: 

PURPOSE: To grow the crystal of a III-V compound 
semiconductor film on a 

substrate having level differences while keeping the 
original inclination angle 

at the level difference without producing any excessive 
facet . 

CONSTITUTION: A right triangular resist pattern is 
formed on the (111) A " 

facet of a GaAs substrate such that one side of the resist 
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pattern will be in 

parallel in the direction perpendicular to the cleavage 
surface. The GaAs 

substrate is then subjected to selective etching to provide 
a level difference 

inclining at an inclination angle of θ 
(2 8 &deg ; & le; & theta ; & le ; 3 3 &deg ; ) 

with respect to the (111) A facet in the vicinity of each 
side. Mask pattern 

is subsequently removed and a III-V compound semiconductor 
film is formed by 

MBE on the GaAs substrate including the inclining surface. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the method for using a molecular beam epitaxy (henceforth the MBE 
method), and forming a III-V group compound semiconductor film on the Ath (111) page of the GaAs substrate which 
has a level difference. 
[0002] 

[Description of the Prior Art] In the process which forms a lateral p-n combination in order to form semiconductor 
devices, such as the former, for example, laser etc. The GaAs layer is grown up using the MBE method in the following 
procedures (for example, for "laser besides EICHI PI Mayer (H.P.Meier)). A level difference The trouble about 
formation of the p-n junction of the longitudinal direction on the GaAs substrate which it has (100) () [ Problems 
related to the formation of lateral p-n junctions ] onchanneled forlasers" journal OBU vacuum science - and - 
technology BI, Vol.6, and No. March, 1988 [ 2 or ] /, April (it is hereafter called reference 1.) substrate (100) GaAs 
Reference. 

[0003] First, after forming the resist pattern of the shape of a stripe configuration or a rectangle on the field (001) of a 
GaAs substrate, the level difference which performs wet etching processing and has the slant-face section is formed. 
Subsequently, the crystal of GaAs is grown up using GaAs which made Si dope. 
[0004] 

[Problem(s) to be Solved by the Invention] According to the reference 1 at this time, the excessive (411) facet of the 
Ath page appears into the level difference portion which is going to form p type layer. It was easy to become n type, the 
effect which shuts up an electron fell sharply, and this (411) facet of the Ath page had the trouble that the 
semiconductor device of n-p-n structure which has a desired electrical property could not be formed. 
[0005] Moreover, if the angle of the slant-face section of the level difference of a GaAs substrate which has a level 
difference changes from a desired angle when forming a quantum well layer, for example for laser and growing up 
AlxGal-xAs of a quantum well layer using the MBE method, the thickness of an AlxGal-xAs growth phase will 
change and the composition ratio x will change. There was a trouble that the desired quantum effect could not be 
acquired in the formed quantum well layer by this. 

[0006] It is in the 1st purpose of this invention offering the formation method of a III-V group compound 
semiconductor film that the above trouble is solved, an excessive facet cannot appear when growing up the crystal of a 
III-V group compound semiconductor film on the substrate which has a level difference using the MBE method, but the 
angle of the ramp of the original level difference can moreover be held, and the above-mentioned crystal can be grown 
up. 

[0007] Moreover, the 2nd purpose of this invention is to offer the method of forming a III-V group compound 
semiconductor film in addition to the 1st purpose, without reducing the locked-in effect of an electron or an electron 
hole. 
[0008] 

[Means for Solving the Problem] The formation method of the III-V group compound semiconductor film according to 
claim 1 concerning this invention The step which forms a resist mask pattern on the Ath (111) page of a GaAs substrate 
so that one side of an equilateral-triangle-like resist pattern may become parallel to a perpendicular direction 
substantially to the cleavage plane of the above-mentioned GaAs substrate, Selective-etching processing is performed 
to the GaAs substrate in which the above-mentioned resist mask pattern was formed. The step which forms the level 
difference which has the slant face where only the tilt angle theta 6^ ^ degrees <= theta<=33 degrees 

inclines to the Ath (111) page near each side of a resist mask pattern, It is characterized by including the step which 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web cgi ejje 



4/15/03 



Page 2 of 5 



removes the above-mentioned resist mask pattern, and the step which uses a molecular beam epitaxy and forms a III-V 
group compound semiconductor film on the above-mentioned GaAs substrate and the above-mentioned slant face. 
[0009] Moreover, the formation method of a III-V group compound semiconductor film according to claim 2 is 
characterized by forming the above-mentioned resist mask pattern so that the level difference which has the slant face 
of the field defined in the direction of the Ath page by inclining from a field (001) (111) may be formed in a method 
according to claim 1 . 
[0010] 

[Function] In the formation method of a III-V group compound semiconductor film according to claim 1 Since the level 
difference of the slant face which is the range whose tilt angle is 28 degrees <= theta<=33 degrees is formed According 
to the experiment of this invention person, when growing up the crystal of a III-V group compound semiconductor film 
on the substrate which has a level difference using ************************ 5an excessive facet cannot appear, but 
moreover the angle of the ramp of the original level difference can be held, and the above-mentioned crystal can be 
grown up. 

[001 1] Moreover, in the formation method of a III-V group compound semiconductor film according to claim 2, since 
the above-mentioned resist mask pattern is formed so that the level difference which has further the slant face of the 
field defined in the direction of the Ath page by inclining from a field (001) (111) may be formed, according to the 
experiment of this invention person, a III-V group compound semiconductor film can be formed, without reducing the 
locked-in effect of an electron or an electron hole. 
[0012] 

[Example] Hereafter, one example by this invention is explained with reference to a drawing. In drawing! or drawin g 
7 , the direction of the field illustrated on each drawing on the basis of the crystal structure of the GaAs substrate 10 is 
shown in each drawing bottom. In addition, although the crystal structure of GaAs is illustrated typically, the size of a 
composition atom and an atomic distance is very small in drawing 1 and drawing 2 , in fact as compared with the size 
of the resist mask patterns 1 1 and 12 and the GaAs substrates 21 and 22 of a triangular pyramid trapezoidal shape. 
[0013] As shown in dra w i n g 1 , this example on the Ath (111) page of the GaAs substrate 1.0 After [ the equilateral- 
triangle-like resist patterns 1 1 and 12 ] forming the resist mask patterns 1 1 and 12 so that one side 1 la and 12a may 
become parallel to a perpendicular direction substantially to the cleavage plane 100 of the substrate 10 concerned, As 
selection wet etching processing is performed using the mixed etching reagent which consists of HF+H202+H20 and 
it is shown in drawing 2 The level difference which has the slant faces 21a, 21b, 21c, 22a, 22b, and 22c where only the 
tilt angle theta inclined to the Ath (111) page near each side of each resist mask patterns 1 1 and 12 is formed, 
subsequently [ after removing the above-mentioned resist mask pattern, when growing up GaAs growth phase 13a or 
13e using the MBE method ] It is characterized by controlling the above-mentioned tilt angle theta in the range of 28 
degrees <= theta<=33 degrees by changing composition of the above-mentioned mixed etching reagent in the above- 
mentioned wet etching processing. 

[0014] After forming a level difference in the Ath (1 1 1) page of the GaAs substrate 10 concerning this example 
hereafter, the basic process into which a GaAs growth phase is grown up is explained in detail. 
[0015] (1) First, as shown in drawing 1 , form the resist mask patterns 1 1 and 12 by the photolithography method, so 
that a mask aligner may be used and one-side 1 la of the equilateral-triangle-like resist mask patterns 1 1 and 12 and 12a 
may become parallel to a perpendicular direction substantially to the cleavage plane 100 of the substrate 10 concerned 
on the Ath (111) page of the GaAs substrate 10. 

[0016] (2) Subsequently, as selection wet etching processing is performed using the upper shell of the GaAs substrate 
10 in which the resist mask patterns 1 1 and 12 were formed, and the mixed etching reagent which consists of 
HF+H202+H20 and it is shown in drawing 2 Near each sides 1 la, 1 lb, 1 1c, 12a, 12b, and 12c of each resist mask 
patterns 1 1 and 12, respectively (1 1 1) A level difference with a height [ of the perpendicularly it has the slant faces 21a, 
21b, 21c, 22a, 22b, and 22c where only the tilt angle theta inclined to the Ath page ] of 3 micrometers is formed. 
Therefore, while the GaAs substrate 21 of a triangular pyramid trapezoidal shape is formed near the resist mask pattern 
1 1, the GaAs substrate 22 of a triangular pyramid trapezoidal shape is formed near the resist mask pattern 12. 
Furthermore, the GaAs substrate io**********sin the field in which the resist mask patterns 1 1 and 12 are not 
formed, and Ath (111) page lOe is exposed. In addition, the tilt angle theta was checked by observing with a scanning 
electron microscope on the basis of a cleavage plane 100. 

[0017] Here, when the level difference formed using the resist mask pattern 1 1 has the tilt angle of theta= 55 degrees, 
slant-face 21a of the GaAs substrate 21 of a triangular pyramid trapezoidal shape is a field (001), slant-face 21b is a 
field (100), and slant- face 21c is a field (010), and calls mutually these slant faces 21a, 21b, and 21c hereafter the slant 
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face of equivalent relation (001). Moreover, when the level difference formed using the resist mask pattern 12 has the 
tilt angle of theta= 35 degrees, slant- face 22a of the GaAs substrate 22 of a triangular pyramid trapezoidal shape is a 
field (110), slant-face 22b is a field (101), and slant-face 22c is a field (Oil), and calls mutually these slant faces 22a, 
22b, and 22c hereafter the slant face of equivalent relation (110). 

[0018] For example, in order to set it as the tilt angle of theta= 30 degrees in the above-mentioned substrate 21 in 25 
degrees of atmospheric temperature C, each volume of HF, H202, and H20 is set as two cc, 16 cc. and 250 cc, or it is 
set as two cc, 22 cc, and 1000 cc. Moreover, you may use H3P04+H202+H20 as a mixed etching reagent. In this case, 
in order to set it as the tilt angle of theta= 30 degrees in 40 degrees of atmospheric temperature C, each volume of H34 
and POH202, and H20 is set as three cc, one cc, and 50 cc. The above-mentioned tilt angle theta can be set as arbitrary 
angles like the following by changing in a volume ratio with HF, H202, and H20 or the volume ratio of H34 and 
POH202, and H20, i.e., composition. 

[0019] (3) Subsequently, remove the above-mentioned resist mask patterns 1 1 and 12 using organic solvents, such as 
an acetone. 

[0020] (4) Further, as shown in drawin g 3 or drawin g 5 , the flux ratio of As/Ga is set as 4 at the substrate temperature 
C of 620 degrees a well-known passage using the MBE method, and GaAs with a thickness of 1 micrometer growth 
phase 13a or 13e is grown up using GaAs which doped Si on the conditions that electron hole concentration is 
lxl018cm-3. 

[0021] While this invention person changed the tilt angle theta of the GaAs substrate 21 of (a) triangular pyramid 
trapezoidal shape for every degree from 1 1 degrees to 84 degrees and performed the above-mentioned process, he 
changed the tilt angle theta of the GaAs substrate 22 of (b) triangular pyramid trapezoidal shape for every degree from 
1 1 degrees to 74 degrees, and performed the above-mentioned process. It represents especially and the experimental 
result about the portion corresponding to slant-face 2 1 a of the substrate 21 in this case, corner section 21 r, and them of 
a substrate 22 is explained below. 

[0022] (a) In the case of the GaAs substrate 21 of a triangular pyramid trapezoidal shape, drawing 3 or dr awin g 5 is a 
cross section about the A- A' line of drawing^ of the GaAs substrate after the GaAs growth [ degrees / 30 / the tilt angle 
of theta= 61 degrees of the slant face of a level difference, 41 degrees, and ] at the time, respectively. 
[0023] As shown in drawing 3 , while facet of Ath (114) page 13b appears in the upper part of slant-face 21a, in the tilt 
angle of theta>=34 degrees, facet 1 3d of other excessive fields always appears in the lower part of slant-face 21a. And 
******ing to the slant-face 21a side was observed, so that the tilt angle theta approached 33 degrees, as shown in 
drawin g 4 . Therefore, in the range with a tilt angle of theta>=34 degrees, the GaAs growth phase of a uniform slant 
face cannot be formed. Furthermore, in the range whose tilt angle is 15 degrees <= theta<=33 degrees, as shown in 
drawing 5 , facet of Ath (1 14) page 13b and excessive facet 13d disappear, and, otherwise, a facet is not produced at 
all, but the uniform GaAs growth phases 1 3a, 1 3c, and 1 3e holding the etching pattern of the original GaAs substrate 
10 can be realized. Furthermore, in the range whose tilt angle is theta<=14 degrees, it observed that the Ath (111) page 
and the step which accomplishes 15 degrees arose, and homogeneity was again lost on the slant face near a boundary 
with the substrate 21 of a triangular pyramid trapezoidal shape. Therefore, it is necessary to store a tilt angle in the 
range of 15 degrees <= theta<=33 degrees, and is hereafter called the conditions of the 1st tilt angle. 
[0024] Furthermore, in the range whose tilt angle is theta>=54 degrees, as shown in drawing. 6 , it was observed by 
corner section 21 r which. hits the ridgeline where equivalent slant faces cross mutually that the facet of an A (1 1 1) set 
plate surface and the field which accomplishes the angle of 35 degrees (110) arises. And in the range whose tilt angle is 
28 degrees <= theta<=53 degrees, as shown in drawin g 7 , the facet of the (1 10) field disappeared and other facets were 
not produced. However, the facet of the field of relation where a tilt angle accomplishes an A set plate surface and the 
angle of 15 degrees or less again (1 1 1) at theta<=27 degrees (110) appeared. Since the facet of these (110) fields and 
fields of relation (110) becomes p type in the GaAs growth phase by which Si dope was carried out, these facets work 
as a leak path to [ electron hole ****** ] 5 and reduce a locked-in effect remarkably. Therefore, it is necessary to store 
in the range whose tilt angle is 28 degrees <= theta<=53 degrees at which these facets do not appear, and is hereafter 
called the conditions of the 2nd tilt angle. 

[0025] Therefore, in order to form a uniform GaAs growth phase in slant-face 21a or 21c, and corner section 21r, it is 
necessary to satisfy simultaneously the conditions of the 1st tilt angle of the above, and the conditions of the 2nd tilt 
angle of the above, and to store a tilt angle in the range of 28 degrees <= theta<=33 degrees. Here, the tilt angle of 
theta= 28 degrees corresponds to the Ath (5 5 14) page, and the tilt angle of theta= 33 degrees corresponds to the Ath 
(1 14) page. These (5 5 14) Ath page and (1 14) the Ath page are fields which incline in the direction of the Ath page 
and are defined as it from a field (001) (1 1 1). 
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[0026] In addition, that the electron hole is shut up in the range whose tilt angle is 28 degrees <= theta<=33 degrees 
formed the ohm nature electrode in the field of the Ath (111) page of the summit side of the GaAs substrate 21 of a 
triangular pyramid trapezoidal shape, and Ath (1 1 1) page lOe to which it ********** ec j ? respectively, and it checked it 
by measuring each inter-electrode current-voltage characteristic. In this measurement, the good current blocking effect 
that current does not flow to ** 10V has shown up. Thereby, it was checked that the slant face serves as n type, and 
there is no leak at corner section 21r, and it observed that the electron hole locked-in effect was not falling. 
[0027] (b) In the case of the GaAs substrate 22 of a triangular pyramid trapezoidal shape, at theta>=35 degrees, always, 
the excessive facet concerned disappears, and, otherwise, a facet is not produced at all, but a tilt angle can form the 
uniform GaAs growth phase holding the etching pattern of the original GaAs substrate 1 0 by <= with a tilt angle of 15 
degrees theta<=34 degrees, although the facet of a field (110) appears in the upper part of slant- face 22a. Furthermore, 
in the range whose tilt angle is theta<=14 degrees, on the slant face near a boundary with the substrate 22 of a 
triangular pyramid trapezoidal shape, the step which accomplishes the Ath (111) page and the angle of 15 degrees 
arose, and homogeneity was lost again. In addition, even if it changed the tilt angle theta in the range from 1 1 degrees 
to 74 degrees in the case of the GaAs substrate 22 of a triangular pyramid trapezoidal shape, an excessive facet has not 
been observed in the corner section like [ in the case of the above-mentioned substrate 21 ]. In addition, it is the field 
which slant-face 22a inclines in the direction of the Ath page from a field (110) in this case (1 1 1 ), and is defined. 
[0028] Therefore, what is necessary is just to set a tilt angle as the 1 5-degree range of theta<=34 degrees, in order to 
form a uniform GaAs growth phase in slant-face 22a or 22c, and the corner section in this case. Therefore, if it is set as 
tilt-angle range [ in the GaAs substrate 21 of a triangular pyramid trapezoidal shape / of 28 degrees ] <= theta^SS 
degrees, the requirement of the tilt angle of the GaAs substrate 22 of a triangular pyramid trapezoidal shape will also be 
satisfied automatically. However, since the GaAs growth phase by which, as for each slant-face 22a or 22c, Si was 
doped became p type in the case of the GaAs substrate 22 of a triangular pyramid trapezoidal shape, it observed that an 
electron hole locked-in effect could not be obtained. 

[0029] It is as follows when the above-mentioned experimental result explained above is summarized. 

(1) If a tilt angle is stored in the range of 28 degrees <= theta< =r 33 degrees when forming the slant face of the level 
difference of the GaAs substrates 21 and 22 of a triangular pyramid trapezoidal shape on the Ath (111) page of the 
GaAs substrate 10 as mentioned above, the tilt angle of a level difference can be held and a uniform GaAs growth 
phase can be formed. 

(2) — the case where an electron hole shuts up, or an electron closes and eye ** is further performed when forming 
lateral p-n junction etc. the conditions of the above (1) -- in addition, what is necessary is to use only the slant faces 
21a, 21b, and 21c of the GaAs substrate 21 of a triangular pyramid trapezoidal shape Namely, what is necessary is just 
to form the slant face of the Ath page or (5 5 14) the Ath page defined in the direction to the Ath page by inclining from 
a field (001) (1 14) (1 1 1) by forming and carrying out wet etching only of the resist mask pattern 1 1 . The p-n junction 
of the longitudinal direction to which the locked-in effect of an electron hole or an electronic locked-in effect does not 
fall is always realizable with this. 

[0030] In the above example, although the GaAs growth phase is formed, this invention can be applied, when forming 
III-V group compound semiconductor films, such as not only this but AlxGal-xAs. Moreover, although the GaAs 
substrate is used, you may use an InP substrate. 
[0031] 

[Effect of the Invention] As explained in full detail above, according to the formation method of the III-V group 
compound semiconductor film according to claim 1 concerning this invention The step which forms a resist mask 
pattern on the Ath (111) page of a GaAs substrate so that one side of an equilateral-triangle-like resist pattern may 
become parallel to a perpendicular direction substantially to the cleavage plane of the above-mentioned GaAs substrate, 
Selective-etching processing is performed to the GaAs substrate in which the above-mentioned resist mask pattern was 
formed. The step which forms the level difference which has the slant face where only the tilt angle theta of the range 
of 28 degrees <= theta<=33 degrees inclines to the Ath (111) page near each side of a resist mask pattern, The step 
which removes the above-mentioned resist mask pattern, and the step which uses a molecular beam epitaxy and forms a 
III-V group compound semiconductor film on the above-mentioned GaAs substrate and the above-mentioned slant face 
are included. Therefore, since the level difference of the slant face which is the range whose tilt angle is 28 degrees <= 
theta<=33 degrees is formed, when growing up the crystal of a III-V group compound semiconductor film on the 
substrate which has a level difference using ************************, an excessive facet cannot appear, but 
moreover the angle of the ramp of the original level difference can be held, and the above-mentioned crystal can be 
grown up. 
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[0032] Moreover, since according to the formation method of a III-V group compound semiconductor film according to 
claim 2 the above-mentioned resist mask pattern is formed so that the level difference which has further the slant face 
of the field defined in the direction of the Ath page by inclining from a field (001) (1 1 1) may be formed, there is an 
advantage that a III-V group compound semiconductor film can be formed, without reducing the locked-in effect of an 
electron or an electron hole. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The formation method of the III-V group compound semiconductor film characterized by providing the 
following. The step which forms a resist mask pattern on the Ath (111) page of a GaAs substrate so that one side of an 
equilateral-triangle-like resist pattern may become parallel to a perpendicular direction substantially to the cleavage 
plane of the above-mentioned GaAs substrate. The step which forms the level difference which has the slant face where 
selective-etching processing is performed to the GaAs substrate in which the above-mentioned resist mask pattern was 
formed, and only the tilt angle theta of the range of 28 degrees <= theta<=33 degrees inclines to the Ath (111) page 
near each side of a resist mask pattern. The step which removes the above-mentioned resist mask pattern. The step 
which uses a molecular beam epitaxy and forms a III-V group compound semiconductor film on the above-mentioned 
GaAs substrate and the above-mentioned slant face. 

[Claim 2] (001) The formation method of the III-V group compound semiconductor film according to claim 1 
characterized by forming the above-mentioned resist mask pattern so that the level difference which has the slant face 
of the field defined in the direction of the Ath page by inclining from a field (111) may be formed. 



[Translation done.] 



(i9)B*oifcifrj? (j p) (12) & 4$ & $| (a) {ivmmmi&n 

^11^6-69129 

(43)&iaB ¥fifc 6^(1994) 3 £11 B 





F I 




un i i 21/203 M 8422— 4M 






21 /20 9171 — 4M 






LI ft 1 C ^/Ift 








? 


S5S»* *St# ©#E0>S* 2 (£ 7 JO 


(21)dira#^ *Jffl¥4-219081 


(71)*KA 


000127662 








(22)H1SB 5pjffi4^(1992)8^18B 












^&S^*gSlJBiSffltfJ»#'3 1992^3^283 tt 
































(74)ftS!A 


#a± mi m 01-2*) 



(54) l3mo)&m I I I -VfflEfb^g5^»MW»sfe*& 



(57) [gj#>] 

MBE^ffl^TIH-VM:-&!|i»*S«clSW 

ft. 

Ht£] GaA sS«cO (111) AWtlZiEEnB 
V&ls *JX Yt *9 - yco 1 ffltfG a A s SKOBeffiBfc: 

*-V*»JftU vx^tf-ViWftSSfUfcGaAs 

m<mm e tmumthgmt-m ft l . 
b E££fflvvcin- viMteWHMfcK&ttJOTft. 



[Ill] A 




(2) 

1 

IWmmi] GaAsfflS^) (111) AffiLLfc* IE 
E&B#.<7)\' i JX YW-V<n 1 2i#±fEG aAsSffi 

imsitX H VX ?/^->jW&£$;h.fcG a A s S« 
^^-yt^g-jacojff^t: (111) AMtc*tLT28* 

s 0 ^ 3 3 • o^Ho^ft #£tf<ii^s&ffl£*rr 
tfrnzftfirth^vrt. io 

JhIiUS''Xhvx?/^-:/£^1-&;*Ty7fc. 

\wm2 1 (ooi) m&t> (in) awwu 
t tmit-rmxm i ibsw>ii i - vmt^mm^ 

[0001] 

imm±jmmm\ *%m\i. gn£*m.GaAs 

fflStf) (ill) AHJtlC, ^HFUXl^i^/Wfe 
[0002] 

•teXKMvC. KlT<D#MT'MBE££fflVvCGaAs 30 
St^yiS-lfO** (tRIttf . x>ff- • t- ■ v-f-V- 
(H. P. Me i e r ) (J*» r U-WtzMZ. g££ 
^•Tl. (100) GaAsSK±^1i*|6lC0p-ng^ 
0>Btf(.l l zmf&fflM& (Pr ob 1 ems relat 
ed to the formation of la 
teral p— n junctions oncha 
nneled substrate (100) Ga 
As forlasers) j i/^r—flb ■ • A# 
i-A-t-(iyx-7>'F-f?/'D5;-t'-, v 

0 1 . 6. No. 2. 1 988^3^/4^ (KIT. £ 40 
Klfcv^. ) #!£) . 

[00 03] i-f. GaAsS«<0(00 1)ffi±tCX 

S i tH-rS-fttGaAa 
Srffl^TG a A s 0*£,fii£jfcR$-£l> . 
[0004] 

[%Hfl* { fl?^LJ:ai:-ri.iBS3 XMllzX 

tat* pmzm&LX o k-f-sssHMMafe** ( 4 

1 1 > AB*>7rH£? htfifflftft. (4 1 1 ) A 50 



10^6-69129 

2 

- p - nffijScT^ft-f'W XfcS&fcf £ i fc ***** 

[0005] 4fc. "rafciMctfFflFJB* 
ffll£t-&9£££Vvc. MBE&£JStvci7#F'jBO 

Ai,Gai-,As^i$ti,tit:. sus-^r-rsG 

a A s »aB£^ttiBa^ftma^fl&&£fl: 

-f&fcAl.Gai-.AsjfcgS^JPStf^bU «J£Jt 
xtfS£ft*&. ZtlAZk-yX. Bf&.2iUz&?#pmiZ 

[0006] *m*r>& 1 (oBmimhcomm^.ifmt 

U MBEft£ffl^TIII-V^(t^)^«cKWfef B 
■y b* J HJS-«i-r. LA^7C«gl&<^Sm^ftJg£fi^f 

[0007] ttz. *m\com2cr)Bmi. micom 
fc. ui-vmfL^tmtom&Bjs.-thirmtmm- 

[0008] 

mcom-vmit^mm^mm&uimi. GaAs 
mm (in) Aaajbfc. -s^m&vvxyn? 
-><?> 1 jSj^jjeg a a s g^on gsmst** Lxmm 

lizmWjftMlzWitKh&olzviSxYvxfrtf- ■ 

mtfLZtltzG a A s LTSI^X „ i-vy>m 

ZftiX. uisxh-?x?'*?-y<?>#®.cr)' ] miz(i 

1 1 ) AffiK*TLT28' g0S33' «KH»itgM 

±IBl^XhVX:7>K?-y£Bfc&tl>Xx yT 
k . USG a A s m&XS±imn±tZltfr&x. \Z9* 
^^fflv^TIII-VKft^ft^Hcll^fig-rs 

[0009] a*. fs^a2ie®«in-vMt-s*r 

(001) M3&>f> (111) AffiA.^iSjt^^itT 
5m2ti&ffi<?)®Wtt?&®£VBfS.ZtihZi o iz± 
msisXV^X?J*9--VZB$L-th^bZW&b-? 

h. 

[0010] 

wm wm. 1 tam^i 1 1 - vm^wmwmm 

li&j&lZti^Xte. «^ft* { 28* g^^3 3* OffiH 

£tM. vt : m.tt9*is'c)v&zzm^xi\\-vm 
fctm^#®^&t:fmtt?&mL±.izmzit 



(3) 

3 

(Dmt&m&tm Lx±.m&fkZfS.%$-e h it* 5 

[oo 1 1 j mm2wmn\-vfctt&fa* 
mmm&xmkti^Tii. $ ( o o i ) h*» 

Mill) Affl^O*|6l{C«^$^.T^$ilSiBcO 

m^iiE^mt^m^^y^-f^ m-v 

[00121 10 
[HJfcfll] WT. W£#raLT#&BH£±S-Hifc0! 

fctt, GaAsS«10<Oj£ B mt^S^L^. #0 

2fctJWC % GaAsOlHMttS£«&£tt£HiFl/0) 

xmw-yil. 1 2&tfHftii£Jgt&7)Ga 
Asifi21, 2 20*&3U&RLT«tf>T'h3Vii 

[00 13]3HOtWi» Hlfc*tJ:3fc. GaAs 20 
«E1 0*> < 1 1 1 > AffiJtlC. jEZftTBtfOUi^b 
v^-yil. 12<01211a, 12a*^ga«l 
O^^ffil 0 OCtf LTmWfcMESOWdlcWfc 

HPH-HiOt + HtO^^r^ad'X'yf-y^K 
tJHVvtW^x^hx^v^MWHroT. 02{= 
jjrfidfc. l. 1 2<7)# 

^S2 1a, 21b. 21c, 22a, 22b, 22 

c fcir*-*B*&*JfiU JUEl^XhVX? 30 

i»V-y*»£Lfctt, MBEffiSrfflV^TGaAsSE^ 
®13a^M13e5r^$-|i:S^fc:t>^r. ±MV 

ffldt*^<ttS^i:t=J:oT±ffiffl^ft^^2 8- =£0 

[0014] JUT. *98tt0tt:fl&« GaAslfilO 
CO ( 1 1 1 ) AjB£g££ftj£LfcfeGaAsj££J|£ 

[00 15] (l) t-f. Bl&jit Xolz. 7*h l J 
VfyyimT'. GaAsS«10cD ( 1 1 1) ABS± 40 

X?y^-yil, 12<?Dljaila, 12ai>'i|ffi 
« 1 0 OPggffi 1 0 0 fc*T LTHSWfcSE^lpJ fc¥ 
ftt+£h£o\zVi>x\-~?*?n9-y\ i, 12£JB 

[00 16] (2)&^T\ I/y'xm?A7-yi 
1. 1 2jWgj££flrt:GaAsffi«10^jLa><o. HF 
+ H* O2 + H: 0*>4>3:68£x -y JHt rca 

IR^x-y hx-y^y^SftaSrffoT. 02t5rTJ:5 

#l/y'Xh7X^7-yi 1, 1 2<0«-ffll 1 50 
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a, lib, 11c, 12a, 12b, 12cC0i5SF{C 
(111) ABIt=«LTflWtf!^«*t*l»L 

tai21a, 21b, 21c, 2 2a, 22b, 22 
cSr*-r&Stt^r|6]cOs§3Mm<7)g||Sr^-rs. ft 

«0!>GaAssge2i«wtt$^.&-^ u^m 

1 2<%£fllfcZfyi&»lfc7)Ga A sS«2 

1. 1 2#JBj££*tT<«vfrt^fcfcVva±GaAsa 
SlO^X yf-y^SiiT (11 D-AaiOeaWSilS 
-TS. =5:13. <^ft^«PBaBal OO^ffiPtLT^E 

[00 17] .1.1 T\ MxJfl^^XhvX^K^-yi 
1 tffl^TJBJfiStutai&WBWft » = 5 5 * tt-th 
fc#. Hftlt^}g«^GaAs««2 1(^ffl2 1a(± 

(ooi) mx'h r ). ®ffi2 lbii(ioo) mxh 

0. $B2 lctt(OlO) ffiT&D. HT, -Iftf.?) 
®W2 la, 21b, 2 1 c SiV^fel^fllT** ( 0 
01)KjS<0^ffifcV^3. 
>12&m^XBl&ZttK:8mfiliZmft0 = 35- 
■fSfcS. H#lt£^#<9GaAs£iK2 2<Dfaiii2 2 
ali(llO) 0. &®2 2bJ± (10 1) BPC 

^ffi22cti (0 1 1 ) mxh*). bit. <rft*> 

(0^I22a, 22b, 2 2 c£. 2Hfc^firC*S 

(110)PHW)l«Bkv^. 

[0 018] «itf«S2 5* CfcfcWC±IES«21 
fciiivcjif5f#<9 = 3 0 0 (dRSt-i^XXCtt. HFt 
H202fcH20<7)#f*Sl$-2cc. 16cc v &tf2 5 
OcclcRjgU Xli2cc, 2'2cc,&tfl000 
ccCRjg-*-*. *fc s S^x.y^-y^?gt LT. H 3 
P04+H 2 02 + H 2 02:fflVvC<> iV\ .I<7)i§3\ SviS 
4 0" Ctfc^Tffi^ft<9 = 30° £3£*-*&K>£ 
»i. H3PO4fcH 2 O 2 i:H2O<0#fl^5-3cc^l c 

c &V5 0cci,zm.fet&. armmizLx. HFt 

H 2 0 2 fcH 2 0fc?)ttSLH:. X»iH 3 P04fcH 2 02tH 2 

okcoimit. tth*>m&Z3Zte?hz.tlz£*). ± 
[0019] < 3 > at ve. r-fe h ymmwm&w 

^TlEl/yXh7X^/^-yi 1 , 1 2£6fc5&t 

[0020] (4) ?^>ic msnggtsiz^-rxd 

T\ As/Ga<7)75 /^^JtS:4t|g^L. * l oIEfL 
iSfe^lx 1 0 i9 cm-3?b&b^o£!frXS i 2: H— 
7*LJt G a A s Srffl^TJi? 1 n m<OG a A s jfcSJf 1 
3a^jSl SeSrJg^S-^l,. 
[ 0 0 2 1 ] (a) =*MMl#RS>GaA 

sS«21«0<«^ft<9Srl 1* *^84* 4T1* «t 
^t^*T±a<7)7-Q-«rXlrff 5-*. ( b ) =ftft£ 
M«GaAslS2 2«fMft^5:ll' A^7 4* 



(4) 
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[00 2 2] (a) Hftgt&j£K<9GaAsS«2 1<0 

0 3 jisa 5 \i*ti?ti. fmpmmomifi 0 = 6 i 

\41' atf3 0° tOfc^OGaAsjfcg&OGaA 
s^S^). 02OA-A' ^to^TWBrfflHT&S. 
[00 2 3] M3iZ7Ft£oliZ^ f8^£l0^34° T 10 
ti. StC. ®B2 1 a(D±SP£ (114) ASC07 r-fe 
>y h 1 3 b^iUS-t-?. fc fc *> £fffi2 1 a<7>T&£ffi 
<9&#&W)7T-fe:-y M 3 dtfftmt&. *LX. 0 

4 j: a mneifi33° izfrj<nt\ mm 
2iaimizm*)tiitx<hztimm^tif^ ^t, 

mm 0^34' ^^HTJi^-^fflOG aAslJI 

£0^33* <7)ffiH"C{i. 0 5(c5cf J: olZ. (11 
4) Affl<07r-b-yM3bt^=5r7r-b-yhl 3d 

L . «ctt^ t> 7 r -fe y h i>± 1? , tcOG a 20 
AsSSl 0<7)X y^-y^y\-^-yiSr«^Ljt^-^G 
aAs£gil3a, 13c, 1 3 e £||3&?-£>,r fc# 
& . S t>lz. mtftitfe ^14' <7)SH-C«±E«« 

&«m«offlS2 1 t<r>m-WT&.mm±.<,z ( 1 1 1 ) a 

Mb 1 5* Srfi!c-f*T-y7-#±t. Stf^-fli* 5 **^ 

[00 24] $^>K{i, *RgtfW^54- cD&fflT 
te. 5i^t^ilF3r^B5|5|±*<3m-r4«|gfcJ>fe&n- 30 
-J— SB2 1 rUt. meizip-tXd^ (ill) AX 
mSb35' ffyft&Z&t ( 1 10)fflc07r-fe>y h# 
£t££fc**«Sj£*l/c. *LT. £0 
^53' comSiCii. 07t^"tJ:d(c. *o ( 1 1 
0 ) ffiny r -fe y h**?mL „ ffi<07 r H= v h fc£ fc£ 
HmM#0£2T X'it. Wf ( 1 

1 1 ) Ammt 1 5° $AT<rmmf&.-? ( 1 1 o ) m 
m?M<7>7T-t -/ h^'ajsLJt. int><D ( 1 1 o ) m 

^(110) K^C0ffit07r-fe-y MiS i F—TZtlfz 
GaAsf$MmiZ}5^Xpmz%:&0)X'. Ztth^Vr 40 
-b y hJijEJLfflta^tJW-S'J-^^'Xt LTffl^ffl 

t>e>yr-ty htf$imL%:^2 8° £0^53° CD®B 
IzWtoh-mtfb*) . OT. »2*>fliUM>*fN:V» 

[00 2 5] ftoT. £M2 laj^lc&tfri— )- 
-SS2 1 r£&tvp£--&GaAsj££a£f8£*-££ 

ttCH. i^\<nm*ft<F>&fttm%2<wmft<r> 
|5]iBf fcjptJg. S*i«eSjWb 0 . ISftA £ 2 8 • g 

<9 g 3 3 • ^sffltiRtos^* 5 *)^ . z zx\ tmn 50 
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» = 28*tt(5 5 14) AfflfcftJSU fflfrfte 
= 33' li ( 1 14) AffildWW*. (5 5 

1 4 ) Affi&t/ (114) Affili (001) ffi*>£> 
(111) Affl^*|6ltl^$itT^$ilSM-CA 
S. 

[0 0 26] =Srii. <a^ft*«2 8' s£0g3 3* affiffl 

aAsiK2 ltf?lB±ffic7) (111) A®<0^aefcX y 
f-y/Ztlfz ( 1 1 1 ) Affll 0 e fcfcJWl-Wufr-A 

&Wm t i&TLX\,^Z t SrSSILfc. 
[0 0 27] (b) H#H£»Ktf>GaAs£«2 2?> 

ffiHfiW0 ^ 3 5 * StC ^BB2 2 a<0±g|J(C 

(no) ffi^7 r -fe >y vtfim-thtf. fmn 1 5 • 

Ji^<?>7r-fe«y ht^t^ 7Ctf)GaAsS8U 0« 
Xyf-y^/^-^Srft^L^-'SrGaA s^^SJ 

mx-it. Eftmm#cr>mg.2 2tcomm%.<rffi® 

±C(111) Afflt 15* At 

As»S2 2<7)^ «^ft^S:l I* *^7 4' it' 

«fc*^7 r-b -y h i®mX'Z%fr->ti. 

®M2 2 a« ( 1 1 0 ) Mfrh ( 1 1 1 ) A 

mwmizmzixx'Simixhmx'hh . 

[0 0 28] ^t. Z0)m&lZt5^X.®m2 2aJb 
S.2 2 c&tf3-^-a&Ki^vC;H 3 --&Ga a s«^1 
^ JB^-f & £#>fc:{i<il«$ S: 1 5 ' <9 ^ 3 4 • O^HtC 
Wt&ttOtXW «!-?T, HftSI^JgttcOGaAsSS 
2HC*>ftl.^ft©ffl2 8- ^^^3 3* t^J&tfl 
(f % e^tHftH^»«c7)G a A s m& 2 2 <DfS&ft CO 

^»«<7)G a A s3StK2 2 C0^& ttJV 2 2 

aftS 2 2 c l± S i *>* H~rS#UfeG a A s Ifcgjgji p 

[0029] EUJlfl LtilMomm&Z: *b*>&b 

(1) Jb3*<Oj:9tGaAsS«10cO (1 1 1 ) Affl 
±tCHftit^)g«<7)GaAsS«2 1, 2 2«a^)^ 
tH^^-Si:#. «$ft£28- ^0^33" «0®ffl 
C«Wltf. gl^X^ftS-«mLT^-=5:GaAs« 

fin £»JOT4£ tars 4. 

(2) S^t, 0Hi.(fS5^|6|<Op-n^^fc'^fig-r 



(5) 

7 

'iro%>&te. -tie ( 1 ) ^kmztalX. Hftfg&Jgtf 
0)GaAsM2 1«0$HS2 1 a. 2 1b, 21c£>A 

0 . (001) Mfrt> (111) AMztftZUmz®. 
WLtjaiStl* (114) Affi«S(5 5 14) 

<n p - n ^Sr^(c|^-f & ; t & . 10 

[0 0 3 0] JaJt«S«tWfc«V»T«. GaAsUIi 

. -, a sfciwmi - vw&mwM&m#h*k 

icaiflffiik*^**. GaAsaHSSrfflWt 
[0031] 

m 1 s»»>i n - vmc^mmwrnummm^ xti 

tf. GaAsiSW (111) ABUifc. I=a#K0> 

« Lx&mm&K&imt'm t x 0 izu fx b 

X?W->1ffltfLZttGaAsmm£ttLXmViX. 

■v+>yimkfi~>x. ui;xb-?x?/*?->(o&2i 

<rW3i\Z (111) Affil=*tL-C28* S0S3 3' «0 
SXf77t, }MV : JXV^X9^-^'mcth 

. •>/ 7t , j-jEGaA *mm.mw.®m.Hzft=m 

x v-v/P2c£fflvvt 1 1 1 - vmi&iWEmtom 
Bf$.-tZXTvTtttts. SEot. *Mtltf28* g 30 

0^3 3* (DtmTb&mmommimffLZtihv)?. 

^HHSxe?* v^ffiS: Srfflv vc 1 1 1 - VfcHt^Hj* 

[0032] tt:. mm2im<r>\\\-v%tt£Mi* 
mw&mjSL-mi,z£ix\z. zuz. < o o 1 ) m&i> 
din AMwijtinizimztixfcmztiimco® 
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^sTS-fr-m. in-vmk&mmmmsSL-ti 
[an *m*7>-m&mx'& s g a a s < 1 

1 1) AB±£MBEffifcJ:-5TGaAs<0|feft£j&g 

9- V*BtfL LtzG a A s ffifiWffiSr&S . 
[02] ±IEiafi<!a|^*atc:fcWl.lg2ora-feXSr 

^rf. >7X«y hX7fy/gOGaAsSSWItC' 

[03] ltt5WCJ>l.aiK7)^tHO^ft^ = 61' 
Ofc^OGaAstfcg&COGaAsSIROX 02<OA - 

a* mzi^xcommmxt>&. 

[04] it«^i-c*>i.a2i«oMffioffl^ft^=4r 

Wil^GaAs^Sl^GaAslR^. 02OA- 
A' tgCov%Tc7)BfH0-C*>S. 

[05] ±simm^ztinhnmfrmm<r)mne= 

30* <0fc£tf)GaAsjfcBf£tf>GaAsffi«<7). 02 

coa-a" mz^xvMfflmx-hh. 

[06] it«0i|T?>l.aiK^ffiW^ft^ = 6r 
«tlOGaAsSfi«<0GaAs«S(0, 02COSH 
<0IEZft»O=J— J— g?2 1 rfciJft6¥ffi0T&&. 

[07 ] }jmmiz&vmm?>mnimfte= 

30* <9fc#<OGaAsjfcli&OGaAsg«c7X 02 

10- GsAslS. 

lOe ■X^y^$*utGaAsffiRO[l il] A 

li.i 2~i*3?xbW—>* 

11a, lib, 11c, 12a, 12b, 12c-U 

l/X b'*?-y<DJEE.fi&(D 1 52. 

13a, 13b, 13c, 13d. 13e-GaAsjft 

2 1, 2 2- -Hft^M^GaAsilS. 

21a. 21b, 21c, 22a, 22b, 22c-H 

nm&MxcoG a a s msinsm. 
e-fmn. 



(6) 
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r 1 1 03 



[03] 




tiiuA 

<j>~*- ITT23A 

cTid] 



[042 




[11UA 
|)—^ ITT21A 

iTioi 



(7) 
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[S5] [06] 




[07] 




a2) mm >w 

mm tt^ttx-f - x-f • r-;iofcS» 



